Background: As job stress is associated with various diseases and psychiatric conditions, we aimed to estimate the job stress-attributable burden of disease in Korea based on the concept of disability-adjusted life years (DALY). Methods: We selected ischemic heart disease (IHD), stroke, major depressive disorder (MDD), and suicide as health outcomes from job stress, because of the ease of access to data estimating burdens and of important meaning of them in Korean occupational background. Results: Our findings demonstrated that approximately 21% of Korean workers were exposed to high job strain, which was attributable for approximately 6.7% of IHDs, 6.9% of strokes, 13.6% of MDDs, and 4% of suicides. In terms of job stress-attributable DALY, the burdens of disease per 100,000 people were 38 for IHD, 72 for stroke, 168 for MDDs, and 44 for suicides.
INTRODUCTION
Workers must adapt to rapidly changing working conditions and psychosocial factors in the labor market. Thus, appropriate and comprehensive approaches are needed to address job stress-related issues in the workplace. In addition, psychosocial factors (including job stress and mental health) have been important issues in the field of occupational health, especially in developed countries. In this context, researchers, management, health providers, trade unions, and policy makers were interested in productivity, sustainable employment, and the burden of social change. Furthermore, there was increasing evidence that job stress was significantly associated with mental disorders, 1-3 coronary heart disease, 4,5 stroke, 6 diabetes mellitus, 7 hypertension, 8,9 and musculoskeletal disorders. 10 Therefore, it is important to measure accurately the job stress-related burden of disease (BOD), in order to efficiently allocate limited resources and facilitate rational decision-making to promote workers' health.
PAF
PAF was calculated using the following formula, as suggested by Levin and used in many previous studies 19, 20 : PAF = P × (RR -1) / (1 + P × [RR -1])
In this equation, P denotes the proportion of workers who were exposed to job stress and RR denotes the RR of job stress related diseases.
The PAFs for ischemic stroke and hemorrhagic stroke were calculated using their respective RRs, and the total PAF for stroke was calculated by adding the PAF values for ischemic and hemorrhagic strokes.
The Korean National Police Agency has reported that approximately 4% of suicides were related to work-or workplace-related issues. 21 Thus, we used this value to estimate PAF because no other studies have reported RRs or PAFs for job stress-related suicide in Korea.
Proportions of workers exposed to job stress
Based on Karasek's job strain model, high job strain occurs "when job demands are high and job decision latitude is low." 22 Approximately 21.2% of Korean workers were estimated to have high job strain exposure, based on the 2006 Korean Working Conditions Survey. 23 The survey population represented active workers aged 15-65 years as the minimum age for employment in Korea was 15 years. The survey was conducted through face-to-face interviews using questionnaires, which was almost identical to the Fourth European Working Conditions Survey conducted in 2005. 24 In that study, job strain was categorized into four levels (low, active, passive, and high strain groups) using the combination of job demands exposure and job control. Prior to 2011, the year for which we estimated the prevalence of the target diseases, the Korean Working Conditions Survey had been conducted twice (in 2006 and 2010) . Thus, we used data from 2006, which included the results of the job strain exposure proportion.
RR
The RRs in the present study were obtained from studies of meta-analyses that we selected after reviewing the literature. We considered these studies appropriate for our purposes, as they reported recent advances in this field and used well-designed strategies. Kivimäki and Kawachi 25 reported job strain-related RRs for incident coronary heart disease (1.33-1.44) in their review of 17 cohort studies since 2003. In addition, an RR of 1.34 (95% confidence interval [CI]: 1.18-1.51) was reported based on the IPD-Work Consortium data (10 unpublished studies, with previously published studies excluded). 4 Moreover, job strain was associated with hazard ratios of 1.24 (95% CI, 1.05-1.46) for ischemic stroke and 1.01 (95% CI, 0.75-1.36) for hemorrhagic stroke. 26 In their meta-analysis, Theorell et al. 27 reported that job strain exposure was associated with a weighted odds ratio (OR) of 1.74 (95% CI, 1.53-1.96) for depression. However, Theorell et al. 27 evaluated both diagnosed depression and depressive symptoms (a much milder state), and Jauregui and Schnall 28 assumed that these depression outcomes could increase the duration of sickness or reduce workplace productivity and quality. As we agree with this approach, we believe that it was acceptable to use their OR which approximates RR based on the assumption that the disease prevalence was low in the population. 29 
DALY
The following formula was used to estimate YLD based on the burden of disability: YLD = P × DW In this equation, P denotes the prevalence of disease and DW denotes the disability weight, which quantifies health levels that are associated with non-fatal outcomes. We initially considered the DW values that were suggested by the GBD study, although they need to be modified to be properly used in the present study. Thus, we used the average values if there were multiple DW choices available from the GBD study. 30 For example, the GBD study classified the DW of MDD into 1) mild episodes = 0.145, 2) moderate episodes = 0.396, and 3) severe episodes = 0.658; thus, the final DW of MDD was defined as the average value (0.400). We used this method because we could not classify our prevalence data according to the disease classification approach used in the GBD study.
Disease prevalence was the preferred measure for calculating DALY, although it was difficult to directly calculate the prevalences in Korea because of the lack of available and representative data. Thus, we estimated the numbers of IHD and stroke cases based on 2011 claims data from the Health Insurance Review and Assessment Service. 31 This estimation used the following parameters: 1) the health outcomes were matched only based on the code of the main diagnosis (excluding sub-diagnoses), 2) the health outcomes were defined as IHD (International Classification of Diseases-10 codes: I20-I25) and stroke (I60-I64), and 3) the claims were only submitted for inpatients. Based on these parameters, we calculated that there were 203,648 cases of IHD and 215,630 cases of stroke.
The MDD prevalence was estimated using data from the 2011 Korean Epidemiological Survey of Mental Disorders, 32 which reported a 1-year prevalence of 3.1% for MDD among 18-74-year-old adults. Based on the mid-registration population during 2013 (the consensus standard), this prevalence corresponded to 1,271,312 MDD cases. As we assumed that the diseases' minimum latency periods were 0 years, we targeted individuals who were ≥ 15 years old (i.e., the minimum age of the economically active population). However, adults and children who were < 18 years old have different classification systems for mental illnesses and there were no data, that was why we only considered individuals who were 18-74 years old for the MDD calculations. 
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RESULTS
Approximately 21.2% of Korean workers were exposed to high job strain. When we evaluated the effects of job strain, we found that it was attributable for approximately 6.7% of IHD cases, 6.9% of stroke cases (4.8% for ischemic stroke and 2.1% for hemorrhagic stroke), 13.6% of MDD cases, and 4% of suicides ( Table 1 ). The estimated prevalences per 100,000 people were 473 for IHD, 501 for stroke, and 3,100 for MDD. The deaths per 100,000 people were estimated to be 32 for IHD, 59 for stroke, and 67 for suicide. The total DALY values per 100,000 people were estimated to be 563 for IHD, 1,048 for stroke, 1,240 for MDD, and 1,102 for suicide. The total BOD per 100,000 people in terms of job stress-attributable DALY were estimated to be 38 for IHD, 72 for stroke, 168 for MDD, and 44 for suicide ( Table 2 ). The detailed data that were used to calculate these findings are shown in Table 3 .
DISCUSSION
As a result of the present study, the PAFs (%) for IHD, ischemic stroke, hemorrhagic stroke, MDD, and suicide were estimated to be 6.72, 4.84, 2.08, 13.6, and 4.00, respectively. Also, job stress-attributable BODs were estimated to be 38 years per 100,000 people for IHD, 72 years per 100,000 people for stroke, 168 years per 100,000 people for MDD, and 44 years per 100,000 people for suicide.
Sultan-Taïeb et al. 17, 18 reported that 8.8%-10.2% (men) and 0.2%-1.1% (women) of coronary heart disease morbidity and 15.2%-19.8% (men) and 14.3%-27.1% (women) of mental disorders (defined as clinical depression) were attributable to job strain in France. This French study was the only one that estimated the PAF of job strain. Similar to the present study, the French job stress exposure data were calculated using the Karasek 13 .60 Suicide -4.00 25 PAF was calculated using the following formula: PAF = P × (RR -1)/(1 + P × [RR -1]), where P denotes the proportion of workers exposed to job stress (21.2% was used in the present study). RR = relative risk, PAF = population attributable fraction, CI = confidence interval, IHD = ischemic heart disease, MDD = major depressive disorder. . All values were reported per 100,000 people. DALYs = disability-adjusted life years, JS-DALYs = job stress-attributable DALYs, IHD = ischemic heart disease, MDD = major depressive disorder, YLD = years lived with disability, prevalence × disability weight 30 , YLL = years of life lost, number of deaths × life expectancy 33 , Total DALYs = YLD + YLL, JS-DALYs = Total DALY × population attributable fraction (PAF).
defines job strain as a combination of high psychological demands at work (i.e., task quantity and complexity, and time pressure) and low decision-making latitude (i.e., decision authority and skill discretion). However, direct comparison with the French results was difficult for some reasons: 1) Unlike the French study, we did not consider gender differences, 2) The ----313,312 161,055 313,312 161,055 DALYs = disability-adjusted life years, IHD = ischemic heart disease, MDD = major depressive disorder, DW = disability weight, YLD = years lived with disability, prevalence × disability weight 30 , YLL = years of life lost, number of deaths × life expectancy 33 , Total DALYs = YLD + YLL.
prevalence of job strain exposure was different (19.6% for men and 28.2% for women came from the national survey conducted in France in 2003), and 3) We used the RR values given in the studies of a meta-analysis, while they derived RRs from their own systematic review.
The exposure prevalence of job strain among Korean workers was estimated to be 21.2%, based on data from a cross-sectional questionnaire survey of 7,856 Korean workers. 23 As the PAF is very sensitive to changes in this value, care should be taken when selecting the data. We tried to reflect the Korean working environment and find the latest value at the same time; however, we had no choice but to select the result. This value would be representative, but there might be a gap with the current situation because it was from 2006. Several other studies have used different epidemiological data and reported similar findings: 19% among Finnish men and 23% among Finnish women, 19,34 18 .6% among Australian men and 25.5% among Australian women, 35 and 23.2% among the general French population (19.6% for men and 28.2% for women). 36 Although we were unable to provide sex-specific Korean estimates, our data provide useful perspective regarding the Korean working environment.
In the present study, we estimated the prevalence of IHD and stroke using 2011 claims data from the Health Insurance Review and Assessment Service, and also estimated the MDD prevalence based on data from the Korean suicide prevention center. According to the 2011 Korea National Health and Nutrition Examination Survey report, the prevalence of physician-diagnosed disease were 2.4% for angina or myocardial infarction among > 30-year-old individuals, 3.8% for stroke among > 50-year-old individuals, and 4.5% for depression among > 30-year-old individuals. 37 However, these values were noticeably different from our estimates: 0.6% for IHD among > 30-year-old individuals, 1.3% for stroke among > 50-year-old individuals, and 3.9% for MDD among > 30-year-old individuals. This result was dependent on the respondents' reports and did not cover detailed diagnosis that we would like to estimate. On the other hand, our results would be more relevant in that they contained detailed and accurate diagnoses, and especially for stroke, we analyzed the claims data entered by doctors, not survey data. However, since the health insurance data was for the general population rather than workers, strictly speaking, the estimates do not reflect the prevalence among workers. Thus, it is possible that the prevalence was overestimated. We could not estimate the accurate prevalence among Korean workers by analyzing the claims data from the Health Insurance Review and Assessment Service. Selfemployed workers, who accounted for 23.1% of the economically active population in 2011 38 and laborers are classified as district subscribers, which means they could not be distinguished from the general population.
In the GBD report, Korea was included in a group of countries with DALY values of 600-1,200 per 100,000 person-years for stroke and 0-300 per 100,000 person-years for IHD. 39 The present study estimated a relatively high DALY value for IHD, although the DALY value was similar for stroke. However, it was difficult to guess why the DALY for IHD in this study was high, because we could not figure out which data was used to estimate the DALYs. Similarly, Hong et al. 40 have reported that the Korean DALY for ischemic stroke was 483 per 100,000 person-years. This result was obtained from using the incidence of ischemic stroke by analyzing the health insurance data of 2004. Unlike these studies, we used the prevalence, not the incidence that was commonly used in estimating BOD. It was also impossible to measure the portion of job stress-attributable BOD among the total DALY.
The assessment of job stress-related health effects should be performed based on an understanding of the specific working environments and situations in each country.
However, there were limited Korean studies regarding this topic, which made it difficult to estimate job stress-related BOD using domestic data. Inevitably, the present study has several limitations that should be considered. First, we did not consider other diseases that are relevant to job strain, such as musculoskeletal disorders, because it was difficult to access prevalence data and reasonable RR values of many types of musculoskeletal disorders to calculate DALY. In addition, musculoskeletal disorders were excluded from the analysis because of possible reverse causation. Second, the data were not analyzed according to sex. However, it is reasonable to estimate the BOD with DALY as it is obtained by summation and there were no available study results to measure job stress exposure proportion by sex. Third, our result may be overestimated, and not accurately reflect the Korean working environment, as it was impossible to access data on prevalence or death rate targeting the Korean working population. Fourth, we replaced the RR with an OR for depression and with a hazard ratio for stroke. However, the prevalences of diseases were so low that the results obtained by using OR were not expected to make a large difference. Fifth, the proportion of workers exposed to job stress may not reflect the current working environment as there is a gap between the time of data collection and the present. Despite these limitations, the present study provides a useful perspective regarding the Korean working environment, and was designed to estimate the outcomes in a way that closely reflected this working environment. In particular, we tried to increase the validity of the calculated value by using representative data such as claim data from the Health Insurance Review and Assessment Service.
Despite several limitations due to data, the present study would be meaningful in that studies on PAF or BOD for specific causes were rare in Korea, and especially since studies on the calculation of BOD from job stress were also rare globally. However, in order to estimate the BOD more accurately, further studies would be necessary to: 1) Estimate the disease prevalence according to the employment type by using nationally representative data such as data of the National Health Insurance Service, 2) Calculate accurate RR values through a large-scale cohort study of workers, and 3) Evaluate the proportions of workers exposed to other job stressors including job strain.
BOD could be used to quantitatively estimate major health impacts and could be applied as the main outcome of public health policy, unlike other estimates of health impact such as mortality or morbidity. This is the first study to attempt to estimate the Korean BOD from job stress using the latest and best available data. As society becomes more concerned about suicides or deaths due to cerebrovascular disease in the working-age population in relation to burden at the workplace, estimating the BOD from job stress is essential in determining the priority of the national policy on prevention.
